Long-standing intestinal inflammation in patients with inflammatory bowel disease (IBD) induces dysplastic change in the intestinal mucosa and increases the risk of subsequent colorectal cancer. The evolving endoscopic techniques and technologies, including dye spraying methods and high-definition images, have been replacing random biopsies and have been revealed as more practical and efficient for detection of dysplasia in IBD patients. In addition, they have potential usefulness in detailed characterization of lesions and in the assessment of endoscopic resectability. Most dysplastic lesions without an unclear margin, definite ulceration, non-lifting sign, and high index of malignant change with suspicion for lymph node or distant metastases can be removed endoscopically. However, endoscopic resection of dysplasia in chronic IBD patients is usually difficult because it is often complicated by submucosal fibrosis. In patients with dysplasias that demonstrate submucosa fibrosis or a large size (≥20 mm), endoscopic submucosal dissection (ESD) or ESD with snaring (simplified or hybrid ESD) is an alternative option and may avoid a colectomy. However, a standardized endoscopic therapeutic approach for dysplasia in IBD has not been established yet, and dedicated specialized endoscopists with interest in IBD are needed to fully investigate recent emerging techniques and technologies. Clin Endosc 2017;50:437-445
INTRODUCTION
Large population-based studies that include more than 1,000 patients with inflammatory bowel disease (IBD) have demonstrated that patients with long-standing IBD had a higher risk of colorectal cancer (CRC) than the general population, 2.7-to 5.7-fold and 2.1-to 5.6-fold higher than in those with ulcerative colitis (UC) and colonic Crohn disease (CD), respectively. [1] [2] [3] [4] Recent population-based studies have shown that the CRC risk in IBD patients is lower than previously thought, and the decreasing risk of CRC over the past 30 years might be a result of the improved therapies for patients with IBD. 5 In patients with UC, according to a meta-analysis, the estimated risk of CRC was 2.4-fold higher than that in the general population, depending on the duration, extent, and severity of inflammation. 6 The risk of developing precursor lesions such as dysplasia or invasive cancer increases exponentially with disease duration. Histological or macroscopic pancolitis carries the highest risk, with no increased risk for patients with proctitis. The risk appears to increase about 8-10 years after diagnosis in patients with pancolitis (a 5-to 15-fold increase in risk) and at 15-20 years (3-fold) in those with left-sided colitis. 7 The cumulative incidence of CRC in patients with pancolitis is estimated to be 5% to 10% after 20 years and 12% to 20% after 30 years of disease duration. 8 Recent studies suggest that given a similar duration and extent of disease, patients with CD had a similar risk of dysplasia and cancer as patients with UC. A meta-analysis of population-based studies showed that the risk of CRC in patients with CD was increased to as much as 1.6-fold higher than that in the general population. 9 Surveillance colonoscopy could allow earlier detection of CRC with a corresponding improved prognosis. 10 Previously, dysplasia that develops in IBD was thought to be invisible, and total colectomy was inevitable to treat dysplasia in patients with IBD. Guidelines recommended obtaining 32 or more random biopsy samples from every segment of the colon during endoscopic surveillance. 11 Despite procedures being vigorous for both the patients and endoscopists, the biopsy samples cover <0.1% of the mucosal surface of the whole colon, and the random biopsy strategy appears to be inefficient. With the advances of endoscopic technologies and techniques, most dysplasias detected in IBD are visible and identifiable during surveillance endoscopy. 12 Visualization of dysplasia in IBD patients allows for assessment of its morphology, border, surface features, size, and background mucosa. Therefore, endoscopists can decide regarding endoscopic resectibility, and endoscopic resection might be applicable. The current paradigm for diagnosis and treatment shifted from random biopsies and surgery to target biopsy and endoscopic resection.
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IBD-ASSOCIATED COLORECTAL CARCINOGENESIS
Sporadic CRC is caused by genomic instability, which results from multistep carcinogenesis, or the so--called adenoma-carcinoma sequence. Three distinct pathways of carcinogenesis have been described, namely chromosomal instability (CIN), microsatellite instability (MSI), and CpG island methylator phenotype (CIMP) pathways. Roughly 85% of sporadic CRCs are caused by CIN, and the remaining 15% result from MSI; CIMP accounts for most of the MSI-positive/CIN-negative CRCs.
Many of the molecular changes responsible for sporadic CRC development also play a role in IBD-associated colorectal carcinogenesis. CIN is the most frequently occurring form of genomic instability in IBD-associated carcinogenesis. However, in IBD-associated colorectal carcinogenesis, the alteration of adenomatous polyposis coli/beta-catenin signaling is infrequent, 8 and p53 mutation is the initiating mutation in most lesions (Fig. 1 ). 14 MSI covers approximately 10% to 15% of colitis-associated cancers, although the frequency of MSI in nondysplastic, inflamed epithelia is relatively high. 8 Methylation of CpG islands in several genes is thought to precede dysplasia, is widespread in the mucosa of UC, and is becoming increasingly important as a mechanism contributing to the genetic alterations in IBD-associated CRC. 15 In IBD, multifocal dysplastic lesions and cancer are common.
14, 16 The concept of field cancerization-the formation of a histologically indistinguishable area of clonally derived, mutant cells within the inflamed segment of the intestinal tract in IBD-has been widely accepted. 17 Molecular studies have provided strong evidence for the field cancerization theory. The same mutation spectrum in either p53 or K-RAS is detected across entire neoplastic lesions and in nondysplastic crypts, suggesting that the mutant clone(s) is involved in the field of IBD mucosa. 14 Most field changes appear to be induced by chronic active inflammation, which implies key inflammatory events. Field cancerization in IBD means that once dysplasia is initiated in patients with IBD, the entire colon is at an increased risk of developing cancer. Therefore, field cancerization in IBD provides the rationale for the traditional approach, which involves total colectomy and an extensive histopathological evaluation for the identification of multiple dysplasia and cancer. However, total colectomy has potentially high morbidity and mortality rates. 
SCENIC CLASSIFICATION OF FINDINGS FROM PATIENTS WITH IBD ON COLONOSCOPIC SURVEILLANCE
In the era of fiberoptic and early video endoscopy, studies indicate that 50%-80% of colitis-associated neoplastic lesions are not visible on endoscopy. 18 Biopsies obtained from nodular mucosa, even random biopsies without definite visible endoscopic lesion, are useful for identifying dysplasia. In particular, biopsies obtained from a lesion or mass are often found to have cancer and are called "dysplasia-associated lesion or mass (DALM)". 19 Endoscopic technologies have advanced, and the charge-coupled device (CCD) chips in standard-definition endoscopes produce signal images of 100,000 to 400,000 pixels. 20 Although flat dysplasia is difficult to delineate, DALM can be identified as a polyp, non-polypoid, or mass shape during colonoscopic surveillance in IBD patients. DALM was subdivided into "adenoma-like" and "non-adenoma-like" lesions because of endoscopic appearance. Adenoma-like DALM, regardless of the grade of the dysplasia or location of the lesion (i.e., inside or outside areas of established colitis), can be managed with endoscopic resection. 21 With further advances in CCD technologies and endoscopic techniques, including high-definition white-light endoscopy and chromoendoscopy, invisible dysplasia accounts only for a few (10%) patients diagnosed as having dysplasia. 22 Chromoendoscopy with indigo-carmine or methylene blue can be highly useful to identify a flat mucosal lesion and delineate the margin and surface features of dysplasia. High-definition endoscopes produce signal images of 850,000 to >1 million pixels, and brighter lighting allows endoscopists to visualize the colonic mucosa in greater detail than standard-definition endoscopes. Therefore, patients with endoscopically invisible dysplasia (confirmed on pathological examination) are referred to an endoscopist with expertise in IBD surveillance using high-definition colonoscopy and pancolonic chromoendoscopy. 13 In 2015, Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients: International Consensus Recommendations (SCE-NIC) issued an international consensus statement. 13 This statement abandoned the term DALM and instead described visible and invisible dysplasia. Visible dysplasia was defined as dysplasia identified on targeted biopsies from a lesion visualized on colonoscopy, and invisible dysplasia was referred to as dysplasia identified on random (non-targeted) biopsies of colonic mucosa without a visible lesion. Visible dysplasia was subdivided into polypoid and non-polypoid based on the Paris classification. The description of visible dysplasia included the addition of terms for ulceration and lesion border ( Fig. 2 ).
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PRE-POLYPECTOMY ASSESSMENT
When a lesion suspected to be dysplasia is found during surveillance, the endoscopist should assess whether the lesion location is within or outside an area of known colitis. Visible dysplasias detected in the colonic area that are not involved with colitis can be managed as sporadic adenomas, with the standard endoscopic removal technique and post-polypectomy surveillance recommendations. If visible dysplasia is identified in an area of known colitis, its endoscopic resectability should be assessed before attempting to remove it. Before endoscopic resection of dysplasia in IBD, the endoscopist should assess the size, location, morphology, border, surface features, and background mucosa of the lesion. The morphology is assessed on the basis of the Paris classification and should be determined whether the lesion has a depressed component or dominant nodule. Depressed-type lesions have a prominent tendency to show an invasive cancer, and dominant nodules (>10 mm) were reported to be a predictor of submucosal invasion. 23 Delineation of the lesion border is essential to complete endoscopic resection. Endoscopic resection should be performed for a well-demarcated lesion with a discrete border and distinguished from the surrounding mucosa. Surface features such as pit pattern, capillary pattern, and ulceration also should be assessed. Magnifying endoscopy with or without chromoendoscopy facilitates pit pattern assessment. With careful inspection, pit patterns can distinguish neoplastic from inflammatory areas. Furthermore, the type V pit pattern (non-structured pits) is subclassified into type V I , tumors with an irregular glandular structure, and type V N , tumors with a clear amorphous area. Type V I is an index for adenoma with severe atypia or potential submucosal invasion, and type V N is an index for carcinoma with deep submucosal invasion. 24 Narrow band imaging (NBI) can visualize the microvascular architecture in the mucosal surface layer with high sensitivity, and the capillary pattern can be categorized. NICE type 3 or Sano's microvascular pattern type IIIB (nearly avascular or loose microcapillary vessels) is an index for deep submucosal invasive cancer. 25, 26 Ulceration on the surface of a lesion is suggestive of submucosal invasion. Even in the absence of such invasion, ulceration can induce deep submucosal fibrosis and complicate endoscopic resection. Detailed consideration should be given to the assessment of the surface characteristics of lesions and, adjunctive imaging techniques such as magnifying endoscopy, NBI, high-frequency endoscopic ultrasonography, and confocal laser endomicroscopy can be useful to determine resectability. In practice, the non-lifting sign (the lesion does not lift in spite of submucosal injection) is used to assess the suitability of colorectal polyps for endoscopic mucosal resection (EMR). The non-lifting sign is thought to be indicative of massive submucosal fibrosis or submucosal invasive cancer. On the basis of the endoscopic assessment of a lesion, an endoscopist can determine whether the lesion is endoscopically resectable or not. Lesions with a type V N pit pattern, NICE type 3, ulceration, or lesion with the non-lifting sign is not suitable for endoscopic resection.
In addition to the assessment of endoscopic resectability, whether endoscopic resection is the appropriate option for the patient must be determined. Colectomy is a traditional therapeutic option for the management of dysplasia in IBD.
The risk and benefits related with endoscopic resection and subsequent surveillance in comparison with those of colectomy must be carefully discussed with patients. Surgical resection might be required in dysplastic lesions within the colitis polyposa (numerous inflammatory polyps often with mucosal bridges may prevent effective evaluation) and when the patient lifetime risk of CRC is high.
Lastly, the operating endoscopist must have the experience and skill to perform endoscopic resection of dysplasia in IBD. Endoscopic resection of dysplasia in an area of known colitis is problematic because of inflammation and scarring. To achieve complete resection, en bloc resection is preferred because of histological evaluation, and the specific polypectomy technique such as endoscopic submucosal dissection (ESD) can be required frequently depending on the nature of the lesion. The most important strategy is to maximize the potential of complete removal at the first attempt. If necessary, the patient might be referred to an expert with experience in endoscopic therapy for IBD-associated dysplasia.
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MANAGEMENT OF ENDOSCOPICALLY VISIBLE DYSPLASIA
Most dysplasias detected in IBD are endoscopically visible, and approximately 89% of dysplasias were elevated. 28 The
United States and European guidelines recommend an endoscopic resection strategy for visible polypoid dysplasia in selected patients. 11, 29 When a dysplasia can be removed safely and completely by endoscopic resection, colectomy need not be recommended to the patient and surveillance should be continued. Endoscopically resectable dysplasias should fulfill the following criteria.
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Distinct border
A distinct lesion border is one that is discrete and can be distinguished from the surrounding mucosa. Visible dysplasia with an indistinct border and invisible dysplasia are not suitable for endoscopic resection. To identify the border, high-definition endoscopy, chromoendoscopy, and/or NBI can be useful.
Endoscopic complete resection
Endoscopic complete resection indicates that the lesion appears to be completely removed on visual inspection after endoscopic resection. Endoscopic resection of visible dysplasia in chronic colitis is often difficult because it is complicated by submucosal fibrosis. EMR or ESD is a favorable technique to achieve complete resection of visible dysplasia in IBD.
Histological complete removal
Histological examination of the resected specimen is available and consistent with complete removal and free resection margin. En bloc resection is preferable for sufficient histological evaluation. However, when the final pathology reports show the risk of lymph node metastasis, such as poor differentiation, lymphovascular invasion, and tumor budding, additional colectomy should be needed.
No residual lesion
After complete endoscopic resection, biopsies of the surrounding mucosa of the resection site should be performed to ensure absence of residual dysplasia. No residual lesion means that four-quadrant biopsy specimens from the mucosa immediately adjacent to the resection site are free of dysplasia on histological examination.
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ESD IN IBD
EMR is widely accepted currently as a minimally invasive procedure for treating IBD-associated dysplasia and CRC with a low risk of lymph node metastasis (Fig. 3) . This resection technique involves a submucosal injection, followed by resection of the lesion using an endoscopic snare. This procedure is effective, with low complication rates, but large lesions ≥20 mm in diameter are technically more challenging. Chronic intestinal inflammation can induce significant submucosal fibrosis without invasive dysplasia. EMR might be feasible in these settings, but endoscopic en bloc resection of large, sessile lesions and lesions with submucosal fibrosis is technically difficult, and they are usually resected piecemeal. High shortterm cure rates were observed after piecemeal EMR of such lesions, but the long-term high local recurrence rate (10% to 25%) is a potential problem. In addition to the increased risk of local recurrence, the possibility of an incomplete resection also causes some concern in terms of inaccurate histopathological assessment. Surgical resection should be considered in cases of unsatisfactory histopathological assessment of highgrade dysplasia due to the risk of submucosal invasion resulting from piecemeal resection of IBD-associated dysplasia. 30 En bloc resections, though, are expected to have lower recurrence rates and allow complete histopathological assessment. In patients with dysplasia demonstrating submucosal fibrosis or large size, ESD or ESD with snaring is a reasonable option and might spare a colectomy. ESD was developed in Japan in the mid-1990s for en bloc resection of superficial gastrointestinal neoplasia, including large lesions and lesions showing a positive non-lifting sign. ESD represents a significant advancement in therapeutic endoscopy and has a major advantage of achieving a higher en bloc resection rate by submucosal dissection using a special electrosurgical knife. The safety and efficacy of ESD for large colorectal lesions have recently been reported in a systematic 
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ESD can result in successful en bloc resections even for lesions with submucosal fibrosis, including IBD-associated dysplasia, because endoscopists are able to directly visualize the submucosal layer (Fig. 4) . In fact, a highly experienced endoscopist demonstrated excellent curative resections of colorectal ESDs with various devices and accessories for residual/ local recurrence of epithelial lesions after endoscopic resection of severe fibrosis invading the submucosal layer (Fig. 5) . 32, 33 ESD in Crohn colitis can be more problematic because of the transmural involvement and frequent fibrosis. 34 Presently, no data are available to guide when to use EMR and when to use ESD in the context of IBD surveillance. Lesions ≤2 cm in size can generally be treated with snare polypectomy and EMR that permits en bloc resection. Lesions >2 cm in size show a higher risk of residual neoplasia on piecemeal resection, and patients with superficial submucosal invasion are candidates for ESD.
However, ESD is not as widely performed in colorectal lesions because of its redundancy, narrow lumen, and thin wall. Specialized training appears to be necessary to acquire a satisfactory and high level of skill for performing ESD. For endoscopists unfamiliar and inexperienced in ESD, ESD with snaring (simplified or hybrid ESD) is an alternative option.
ESD with the snaring technique is performed as follows (Fig. 6) : the mucosa around the lesion is incised using an endoscopic knife, followed by partial submucosal dissection to undermine the lesion. When the diameter of the attaching area of the lesion was <2 cm, the EMR was performed with the snare wire positioned into the groove created by the incision and submucosal dissection. En bloc excision can be achieved for dysplasias >2 cm in size or a lesion with submucosal fibrosis. Smith and colleagues recruited 69 patients with selected lesions associated with UC and assessed the technical feasibility of endoscopic resection of visible dysplasia by using ESD with snaring. 35 Although the procedure has a limitation of selection bias of target lesions, the overall cure rate for the ESD-assisted EMR cohort was 98% (66/67) at a median of 18 months' follow-up.
FOLLOW-UP OF ENDOSCOPICALLY RESECTABLE DYSPLASIAS
Patients with an invisible dysplasia characterized by an indistinct lesion border should be treated with colectomy By contrast, visible dysplasia can be treated using complete endoscopic resection followed by confirmation of the absence of dysplasia at the margin of the specimen and continued surveillance without surgical intervention based on practice guidelines. 11, 13, 36, 37 Therefore, tattooing after endoscopic resection for dysplasia should be considered to support subsequent surveillance.
In long-term follow-up studies, endoscopically resected polypoid dysplasias in patients with IBD were not associated with an increased future CRC risk as compared with the patients with or without IBD after polypectomy of sporadic adenoma. 33, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] A recent meta-analysis demonstrated a low risk of CRC after endoscopic resection of polypoid dysplasia (pooled incidence, 5.3 cases/1,000 patient-years). 33 However, the risk of future dysplasia occurrence is increased up to 10-fold (pooled incidence of any dysplasia, 65 cases/1,000 patient-years). 33 Therefore, close endoscopic surveillance should be performed after endoscopic resection of polypoid dysplasia in IBD. In contrast, long-term follow-up in a non-polypoid dysplasia study is deficient. Only a few studies evaluated more-advanced lesions such as lateral spreading lesions and high-grade dysplasia, and reported high complete resection rates. 35, 40 Non-polypoid dysplasia might be indicated for surveillance if complete resection is achieved. Surveillance intervals after endoscopic resection of IBD-associated dysplasia are unclear. Surveillance intervals should be tailored to the individualized risk profile. The European Crohn's and Colitis Organisation guideline recommends intervals of 3-4 years in low-risk patients with IBD but 1-2 years in high-risk patients with IBD (who have at least three of the following conditions: pancolitis, active endoscopic or histologic inflammation, pseudopolyps, and a family history of CRC). 48 Annual colonoscopy for 5 years is recommended for patients with visible dysplasia and complete resection. High-definition endoscopy with a dye-spraying chromoendoscopy technique for targeted biopsies might represent the first choice in surveillance. When performing surveillance with a standard-definition colonoscopy, chromoendoscopy should be considered. 13 High-definition endoscopy with NBI is considered an alternative; however, NBI is not suggested in place of white-light colonoscopy.
CONCLUSIONS
The paradigm for colonoscopic surveillance and endoscopic management of dysplasia in patients with IBD has been shifting. High-definition endoscopy with dye-spraying chromoendoscopy is recommended to allow high-quality visual inspection of the colonic mucosa in patients with IBD. Most dysplasias detected in IBD are endoscopically visible, the border of dysplasia can be delineated, and targeted biopsies are subsequently performed on areas suspicious for dysplasia. Endoscopic resections using the EMR technique can remove endoscopically resectable suspicious lesions <2 cm in size. The role of ESD may become important in the management of After complete removal of endoscopically resectable polypoid and non-polypoid dysplastic lesions, surveillance colonoscopy is recommended rather than colectomy. When the lesion is not endoscopically resectable, and indistinct dysplasia at the base of the resected lesion, invisible high-grade dysplasia, or multifocal low-grade dysplasia remains, colectomy should be recommended. Evidence for the appropriate therapeutic approach with endoscopy for dysplasia in IBD is limited, and dedicated specialized endoscopists with IBD experience are needed to fully evaluate the recent emerging techniques and technologies to improve the outcomes in IBD patients with dysplasia.
